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Summary
Background: Acute myocardial infarction (AMI) due to left main coronary artery
disease is associated with signiﬁcantly elevated morbidity and mortality. The aim
of this study was to identify the predictors of in-hospital death from left main AMI
complicated by cardiogenic shock.
Methods: Clinical record review identiﬁed a total of 25 cases of left main AMI
with cardiogenic shock. Patients’ background characteristics, laboratory data, and
angiographic ﬁndings were analyzed according to the in-hospital mortality.
Results: In this patient subset, in-hospital mortality (60%) was associated with a
history of hypertension (p = 0.02) and a higher heart rate (p = 0.02). Furthermore,
in-hospital mortality was also associated with a complete right bundle branch blockmission ECG (p = 0.01) and low HCO3− (p = 0.0004). In step-
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wise logistic regression analysis, a CRBBB pattern (OR 48.59, 95% CI 1.34—1768.10,
p = 0.03) and low HCO3− (OR 0.62, 95% CI 0.40—0.94, p = 0.02) were found to be
independent predictors of mortality.
orresponding author at: Cardiovascular Division, Jichi Medical University Saitama Medical Center, 1-847 Amanuma,
ya 330-8503, Japan. Tel.: +81 48 647 2111; fax: +81 48 648 5188.
-mail address: kubonori@omiya.jichi.ac.jp (N. Kubo).
4-5087/$ — see front matter © 2008 Japanese College of Cardiology. Published by Elsevier Ireland Ltd. All rights reserved.
10.1016/j.jjcc.2008.03.008
Left main MI with shock 25
Conclusions: Left main AMI with cardiogenic shock was associated with high in-hospital
mortality. A CRBBB pattern in the ECG on admission and a low HCO3− concentration
were signiﬁcant independent predictors of in-hospital death.
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to ﬁnd the predictors of in-hospital death. The
stepwise logistic regression model included inde-© 2008 Japanese Colleg
reserved.
ntroduction
cute myocardial infarction (AMI) due to left main
oronary artery occlusion/stenosis is associated
ith signiﬁcantly elevated morbidity and mortality
1,2]. Cardiogenic shock has been reported to be an
ndependent predictor of in-hospital death in left
ain AMI [2,3]. However, information on the deter-
inants of in-hospital death in left main AMI with
ardiogenic shock has been limited [2,4—7]. Thus,
he aim of this study was to identity predictors of
n-hospital death in left main AMI with cardiogenic
hock.
ethods
tudy patients
ase record review identiﬁed patients that meet
he following criteria: (1) persistent chest pain, ele-
ation of creatine kinase (at least 2-fold increases
rom normal upper limit) and ST-segment elevation
r depression in electrocardiograms compatible
ith acute myocardial infarction, (2) culprit lesion
n the left main coronary artery conﬁrmed by coro-
ary angiography, (3) cardiogenic shock (systolic
lood pressure of <90mmHg with sufﬁcient preload
or at least 30min or the need for supportive mea-
ures such as catecholamines to maintain a systolic
lood pressure of ≥90mmHg) and (4) time from
ymptom onset to hospital arrival <48 h.
Hypertension was deﬁned as a blood pres-
ure >140/90mmHg or treatment for hypertension
efore admission. Hyperlipidemia was deﬁned as
otal cholesterol >220mg/dl or treatment for
yperlipidemia. Diabetes mellitus was deﬁned as
emoglobin A1c >6.5% or treatment for diabetes
ellitus. Smoking was deﬁned as having a current
moking habit. Pre-myocardial infarction angina
as deﬁned as at least one episode of typical chest
ain <48 h before AMI. Left ventricular function
as determined by initial echocardiography or left
entriculography. Left ventricular dysfunction was
eﬁned as a global ejection fraction <35%.
Hospital chart records, patients’ history, ini-
ial laboratory data, initial electrocardiograms and
chocardiograms and coronary angiograms were
eviewed. We divided left main AMI patients with
p
i
a
d
wCardiology. Published by Elsevier Ireland Ltd. All rights
ardiogenic shock into two groups according to
he presence or absence of in-hospital death. The
tudy was performed in accordance with the ethical
tandards of the local ethics committee on human
xperimentation.
oronary angiogram, acute intervention and
echanical support
nitial coronary angiograms were reviewed for anal-
sis. Collateral vessel ﬁlling was deﬁned as the
resence of more than Rentrop-grade 2 collateral
lling from dye injection into the right coro-
ary artery [8]. Right coronary artery stenosis
as deﬁned as the presence of ≥50% diameter
tenosis by visual estimation. We classiﬁed acute
ntervention as percutaneous transluminal coronary
ngioplasty (PTCA), coronary artery bypass graft-
ng (CABG), PTCA and CABG, and coronary stenting
Stent). PTCA was deﬁned as any percutaneous
oronary intervention without the use of coronary
tenting. When CABG was emergently performed
ollowing PTCA, this was classiﬁed as PTCA and
ABG. The use of an intra-aortic balloon pump
IABP) and extracorporeal percutaneous cardiopul-
onary support (PCPS) was also reviewed. Success
f acute intervention was determined as successful
evascularization by PTCA or Stent with achieve-
ent of Thrombolysis in Myocardial Infarction grade
2 ﬂow, or successful revascularization with bypass
rafting.
tatistical analysis
ll analyses were performed using statistical soft-
are, SPSS 13.0/Windows (SPSS Inc., Chicago,
SA). Categorical variables are presented as num-
ers (percentages) and compared with a 2 test
r Fisher’s exact test. Continuous variables are
ompared using an unpaired Student’s t-test. Step-
ise logistic regression analysis was performedendent variables found to signiﬁcantly inﬂuence
n-hospital outcomes in univariate analysis (deﬁned
s p < 0.05). The odds ratio (OR) and the 95% conﬁ-
ence interval (CI) were calculated. A p-value <0.05
as considered to indicate statistical signiﬁcance.
26 K. Sakakura et al.
Table 1 Comparison of patients characteristics according to in-hospital death
In-hospital death
NO n = 10
In-hospital death
YES n = 15
P value
Age (year) 60.9± 8.0 57.2± 10.2 0.34
Male sex (%) 8 (80) 11 (73.3) 1.00
Body-mass index (kg/m2) 22.5± 2.5 23.9± 1.5 0.13
History of hypertension (%) 0 (0) 7 (46.7) 0.02
History of hyperlipidemia (%) 4 (40) 1 (6.7) 0.12
History of Diabetes mellitus (%) 3 (30) 3 (20) 0.65
Current history of smoking (%) 6 (60) 8 (53.3) 1.00
Referral from other hospital (%) 7 (70) 11 (73.3) 1.00
Time from onset to arrival at hospital (hour) 7.5± 12.7 2.7± 2.2 0.27
Alert consciousness at arrival (%) 5 (50) 3 (20) 0.19
Systolic blood pressure at arrival (mmHg) 77.1± 29.5 51.9± 32.7 0.06
Heart rate (min−1) 77.6± 20.8 107.5± 34.2 0.02
Pre-myocardial infarction angina (%) 4 (40) 2 (13.3) 0.18
Initial laboratory data
White blood cell counts (×1000mm−3) 12.4± 4.7 16.3± 8.0 0.18
Hemoglobin (mg/dl) 13.5± 1.6 13.6± 2.0 0.97
Peak creatine kinase (mg/dl) 7861± 6280 10314± 5440 0.33
Creatinine (mg/dl) 1.1± 0.3 1.4± 0.5 0.07
C-reactive protein (mg/dl) 2.2± 5.4 2.1± 5.0 0.95
pH 7.37± 0.09 7.22± 0.18 0.03
HCO3− (mequiv./l) 23.1± 4.6 15.4± 4.6 0.0004
Initial electrocardiogram
Complete right bundle branch block pattern (%) 2 (20) 10 (76.9) 0.01
ST elevation in aVr (%) 9 (90) 11 (84.6) 1.00
Left ventricular dysfunction (%) 8 (80) 15 (100) 0.15
Coronary angiogram
Left main total occlusion (TIMI = 0 ﬂow) (%) 6 (60) 6 (40) 0.43
Collateral (%) 4 (40) 1 (6.7) 0.12
Right coronary artery stenosis (%) 2 (20) 3 (20) 1.00
Type of acute intervention 0.33
No acute intervention (%) 1 (10) 1 (6.7)
PTCA (%) 0 (0) 4 (26.7)
CABG (%) 0 (0) 1 (6.7)
PTCA and CABG (%) 2 (20) 1 (6.7)
Stent (%) 7 (70) 8 (53.3)
Thrombectomy in percutaneous intervention 2 (20) 4 (26.7) 1.00
Simultaneous percutaneous intervention to right
coronary artery stenosis
1 (10) 0 (0) 0.40
Successful acute intervention (%) 9 (90) 9 (60) 0.18
Mechanical hemodynamic support
Intra-aortic balloon pump (%) 10 (100) 14 (93.3) 1.00
Percutaneous cardiopulmonary support (%) 2 (20) 11 (73.3) 0.02
com
2
wAll categorical variables except type of acute intervention were
was compared with a 2 test.
ResultsAmong 2532 AMI patients admitted to Omiya Medi-
cal Center, Jichi Medical University, from April 1991
to December 2006, a total of 50 cases with left
main AMI were identiﬁed. Among them, a total of
i
p
Ipared with a Fisher’s exact test. Type of acute intervention
5 cases with left main AMI with cardiogenic shock
ere identiﬁed and included in this study.
Table 1 shows a comparison of patient character-
stics according to the in-hospital outcome. Fifteen
atients (60%) had died during the hospitalization.
n-hospital mortality was associated with a history
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Table 2 Stepwise logistic regression for in-hospital death
OR 95% CI p value
Step 3 HCO3− (mequiv./l) 0.62 0.40—0.94 0.02
Complete right bundle branch block pattern (%) 48.59 1.34—1768.10 0.03
OR=Odds ratio, 95% CI = 95% conﬁdence interval.
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iThe independent variables in Step 1 model were history of
branch block pattern. History of hypertension and heart rate w
not be found in Steps 1 and 2, because maximum iterations ha
f hypertension (p = 0.02) and a complete right bun-
le branch block (CRBBB) pattern in the admission
CG (p = 0.01). In addition, in-hospital mortality
as associated with a lower pH (p = 0.03), a lower
CO3− concentration (p = 0.0004) and higher heart
ate (p = 0.02).
Table 2 shows the results of stepwise logistic
egression analysis. The independent variables in
he Step 1 model were a history of hypertension,
CO3− concentration, heart rate and a CRBBB pat-
ern. In the step 3 model, HCO3− concentration
OR 0.62, 95% CI 0.40—0.94, p = 0.02) and a CRBBB
attern (OR 48.59, 95% CI 1.34—1768.10, p = 0.03)
ere found to have signiﬁcant associations with
n-hospital death after adjustment for each covari-
tes.
iscussion
his study showed a high mortality rate (60%) in
atients with left main AMI and cardiogenic shock,
imilar to the mortality rate (81.3%) reported in
previous study [2]. In the present study, predic-
ors of in-hospital mortality included lower HCO3−
oncentration and a CRBBB pattern in the 12-lead
CG.
atient background
n-hospital mortality was associated with a history
f hypertension. Of note, there were no patients
ith a history of hypertension in the survival
roup. Hypertension may increase the risk of tar-
et organ damage such as silent cerebral infarction,
arotid artery stenosis, left ventricular hypertrophy
r chronic renal failure [9—12]. These subclinical
rgan damages may have increased the vulnerabil-
ty of patients to cardiogenic shock. Since this study
s a retrospective analysis, we are unable to fully
xclude patient selection bias.nitial laboratory data
n the present study, in-hospital mortality was
ssociated with higher heart rate, lower HCO3−
C
r
i
rrtension, HCO3−, heart rate, and Complete right bundle
emoved in Steps 2 and 3, respectively. Final solution could
n reached.
oncentration, and a CRBBB pattern in the admis-
ion ECG. A low HCO3− concentration was reported
o be a determinant of poor prognosis in in-patients
ith cardiogenic shock that required cardiopul-
onary support [13]. The HCO3− concentration is
rimarily decreased in cardiogenic shock accom-
anied by lactic acidosis. Our results support the
ossibility that a low HCO3− concentration on
dmission reﬂects the severity of cardiogenic shock
ue to left main MI as well as the severity of
etabolic acidosis.
A CRBBB pattern in the 12-lead ECG was reported
o be a determinant of poor prognosis in ante-
ior wall AMI [14,15]. A histopathological study
howed that the new occurrence of RBBB associated
ith acute anteroseptal myocardial infarction was
xplained by necrosis of the right bundle branch
16].
Our study conﬁrmed that CRBBB pattern is a
redictor of poor prognosis in left main AMI. This
lectrocardiographic ﬁnding may possibly reﬂect
xtensive myocardial necrosis [17].
Our study failed to show that left ventricu-
ar function was a predictor of survival in left
ain AMI. However, the majority of patients (92%)
n this study showed left ventricular dysfunction,
uggesting that the study was underpowered to
etermine the effect of left ventricular func-
ion on survival. Although C-reactive protein (CRP)
evels were reported to be a predictor of poor
rognosis [18], our study failed to show a dif-
erence in CRP levels between survivors and
on-survivors. Generally, CRP levels are elevated
rom the onset of AMI. The difference in the time
rom onset to hospital arrival might affect CRP
evels.
oronary angiogram, acute intervention and
echanical support as predictors of
n-hospital deathollateral ﬂow more than Rentrop-grade 2 was
eported to have a protective effect on enzymatic
nfarct size in patients with AMI [19]. However, our
esults could not support the protective effect of
[[
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[
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collateral ﬂow. Other coronary angiographic ﬁnd-
ings including left main occlusion and right coronary
artery stenosis were not signiﬁcantly different
between the two groups. With respect to therapeu-
tic options, Marso et al. reported that stenting was
associated with an improved clinical outcome in AMI
[4], although the in-hospital mortality rate was not
signiﬁcantly different. Our retrospective study was
not designed to compare different types of acute
intervention. Larger studies would be needed to
address this issue.
The use of PCPS was associated with higher mor-
tality; however, this ﬁnding may require careful
interpretation. The use of PCPS may have been
necessitated by a poor circulatory status, rather
than the cause of a poor clinical outcome.
Clinical implications
Electrocardiography and arterial blood gas sam-
pling may help to identify a high-risk subset of
patients with acute myocardial infarction due to
left main coronary artery disease. Prompt and extra
effort should be made for the treatment of such
patients.
Study limitations
Since this study was a retrospective analysis at
a single center, there may have been a patient
selection bias. As the study population was small,
we could not perform multiple logistic regression
analyses with a large number of independent vari-
ables. Due to the severe and acute nature of
the disease, we lacked complete access to the
information on background characteristics such as
history taking about past medical history in several
patients.
Conclusions
Left main AMI with cardiogenic shock is associated
with high in-hospital mortality (60%). Low HCO3−
concentration and a CRBBB pattern in the admission
ECG were signiﬁcant independent predictors of in-
hospital death.
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